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[JS#£l] -KLiNi.Mn,-,-, M, O 
, {1t1£U 0- 30^x^0. 65s 0£y^0. 2 
0T-fc5 0 M«Fe, Co. Cr, Al, Ti, Ga, 
In, Sn(»V^A»4»e»aHR*h,4AJH3E*. ) X-& 

moW-&9$9c#2. 7 0 0-2. 9 7 O-efcSrfcSrft 

[fff#Jg 2 ) R - 3 mmm^X'h *> Jt^ffi 10 

I»*«3J ■ 2. 8 9 5-2. 9 2 

5AT?«)9v c#CD^» s 14. 2 8-14- 3 8 

[»**4 J 2 5 5mJb-?fe5- 1 

i fc^ u 3 ©v^rna* i mcmm 

[18*15] 8Mfc/l"*a£#2. 9g/cm'ELh 2( 
-Cfc? £. h ft«H»fc -fStS** l L4 ©V^H^l 

^(f-c*5oo-i oooic-ewW5ii:*«lltfci*5 

[0 0 0 1] 3 
[0 0 0 2] 

O, , LINlOi , L iMn= O. , LiMnOi 4 

[0003] *©«fc4»K:*iST?tt, «*o 
£*ift*ffi. tu» y f -v- y # v rottftfiMstto 
wjfgiSsaSA/icfr tt^ftr te 9 , i n e> snaiflNMEfcJB 

v^X, JJ^frAtBIL ttlH1-a:i 
[0004] -m^ 



TO2002-145623 
2 

[OOOBjflitli, LiCoOi , LiNio. * C 
oo. » Oi 0*5 b^y^fcHWStffc 

r— 3 t*mm%mm&mmi:&mm\^ 
t*2KS»Kr.2fesft(i, *n-e*n 4 0 - 1 e 0 mA 

h/gfcitfl 8 0-2 0 0mAh/g fclfc|WWSV»« 
5 i:£t>fc 2. 7-4. SVfcV^fc 

[0006] 

(Sic i (J flBfcWW&L*^IBIS-*\ JM*fc*5=^ h 

[0 007] WflO-0276 1 HfcSMRfcfik L 
iNi,» Co..! O* ©1#tt^&^t^<s 
ULiNi..T. Coo. ao Mnn. o B Oj Oi 
*#«£*L-C^6. tfc, «P1 0-81521^ 

gfi i: Uvf * A«^tt t ft^ttro 3 #fciai*ia*at 5 

[0 0 0 8] *fc. j»*fiPmnm*fc5V^«¥<4ftC 

2/mSOLiMnOi, LiMn*,.* Cr 

, „, O. *>5VM±L iMn. » Ah , O* & 

WHfc* *> **Wlf , -< ^-'H" ^ft 5 feUWii© 
^-fb* s iSw 9 J W< , ft$H 

[0 0 0 9] S^i-s WHV5-Z 8 8 0 7 6-H-, #1^ 
sps-1 7 1 9 1 0*, W2 0 0 0-2 94 2 40* 
tilU^M 2000-22315 7-&©«-a*ICttL i 
Nix Mni-i O a 0«S4«ftSh,. tfc, 
1-2 5 9 5 7 *A#ICttL i C o » Mn . Mo N i 

v>ftv\ 

[ 0 0 1 0 ) 5 ftSJffi&flftfc-f Sfcfe 

[00 1 l] 

ft, -«S:*L iNi.Mn M, O 

a (fcfc'U 0. 30^xS0. 65, OSySO. 2 
0T-fo£. MliFe, Co. Cr, Al, Ti, Ga, 
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In, SnOVvfiM^feaR^ftS&IWE*. ) T ** 
|l9fW^2. 7 0 0-2. 9 7 0ffc5:i^ 

[0 0 12lJb?E¥«i«SbJ s 2. 97Oi0*t^t. 
< ft 5 IS*. «*Hft«>BWfcRJSi s 5li*'^"<% B»'«>* 

£tt;Wft r+5 o-cff.* t < ftV\ 

[0 0 13] ±8E¥^«»* S 2. 970J;9*i 

V>fc, P *9AflsRJJ3*fcfS*J*fi!i s jft<* ft* 

«fc 5 nWiT'W^R^l < ft 5 ft*. 

13 < ft 9 , ■7^^><o«»»'-«*»* J ie- n^i-< ft 
5»T'»*t<ftV\ 

[0014] <i!i*fc«v^T, ±avmmm 2.700 

<ftd\ #|Cl#*U^««i»tt2. 85 0 

-2. 9 5 OX"fc5 0 

[0 0 151**:, *35W«fc£BHfc*©tfc»B!Sirk 
^«ff»fc*»U^1-< ft 9 . 
L < ft V\ WKHBfctt lm'/E WTjWWSF* U \ 

1 0 0 1 6 1 -#mm%mm\t. ®\z%m*<< 9 
'mmnttfrb. r - 3 mmmmmzG+zisw®. 

fc##*U\ ftblC^SSWt^X* R-3 
mfilDKWBatKfelt 5 a 2 . 8 9 5- 

2. 9 2 5A-Cfe9. c#»»^3fe** t 14. 2 8-1 

fc 3M6coS*tt^*teT1-5 <o-eff * L < ft 

v\ 

[0 0 1 7] *«ifl<n«£lfcfls*»is isswsiJ&ja 
g£^2 5 5t£l±trfc9, z.<D&t>#&mMt#o-^ 
izmfbtiZ, *3SWfc*J^T, *»B8iS««tW:» 3 
f^i^tMttX, 5 0*C-C4. 3VKlT*SUfciE 

So 

loois] J: s fc , ±iao «t 5 

KiS»SKi6<*^ttWiB5V^IElSS&«lR!i J fteifSn«. 
i-fttot, «#OL iCoO : OgStHitfUEttl 5 5 
°CiM£X\ L i N i o. a C o o. i 0 2 <0&Bt\Z LT 



&H2 00 2-1 4 5.6 2 3 
4 

#2 5 5"C£Ltfc*KSV\fc», fffibW5S?^tti4«S5» 
bit*. 

[0 0 19] *«H0*'&«fl»«8M*7f***tt* 
2. 9 g/cm a {HJbT*>*ri:*ff*U<» ^ttti<fc 

tuts. s*H»*c/wyyfcSWfc*Ja*L.x^5 3 

- fc ft LT*«#7^5 «CftX ■ ea ■ LfcK 
Kff3«Sfc9 0ga&H<-t5^fc#T'#5. #fc#* 
UVB^U^SftttS- 1 g/cm' £LLX*fo5, 

[0 0 2 0] *»Wfc*rt5«»^v^**tW:. ®* 

O. ©»flE7 , VXafiE*«M*jft2. 6 g/cro* "C*6 
(TK fofc 9 ©Sfi&g t d tt * t?o P f 9 a — * v# > 

[0 0 2 1] -tfcM&KL i Ni. Mn,— , M v 
3 O* fcJ3V*T, x#0. 3 OftffiT-kZb, ££ftR- 

fc, x»0. B 6 S^tt^ftTtao-eft 

*L<ftV\ x©ftfcflraU*SHttO. 4 0-0. 5 

[0 0 2 2] &K5c*Mtt« Fe, Co, Cr, Al, 
Ti, Ga, In, S n ©V*f Jx^^JgTC^S^X'fo 

0ti/5©-C*|ff* UV\ Ml!;(T-©^liffiy (4 0 S y S 0 . 
2 0T'fc9, »*U<140. 0 1-0. 1 8, ttttti 
0 L<f*0. 0 5-0. 1 6T-fo5„ 

[0 0 2 3] *fc. *%t£l3\ ±SUfcy>^^r** 

^F?f ft#ffl^^T* 500-1000 t;r*«l-5 c fc 

tt, *BMfcyf"!>A % lit*!/?*** gHbU?**W7- 

[00 24] siy^A-Ty^y-^IRjelfM^a:** 
[0 ft«*fcl/"C»4 N siy^yi'— <?*^>— &R5£*M*fi* 

jgfK fc ta-h y AJR*«Hk^ft fc 7 y*- •> *"( ^ y * 

SfcL, 4*7, pHfel 0-1 3©KfflF*?<0-^fCIC^ 

w _, My (OH) „ (fcCU 0. 3 0^xS 
0. 65, O^ySO. 20. 2Sp^4T'foS. Mtt 
Fe, Co, Cr, AI, Ti, Ga, In, Sn«V^ 
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Tfl e> ft S = ? A' - v v# v-£E jcSMittttite* 
^akgHfc** * fcttJ;&= -> * v#y-&&7c 

•f ft^T'fc* C fc 3»«*IC»* U\ 
[0 0 2 5] 

f^A, *fb3^CA) t©S^*4r^ 

gfetf*£GB>rFT*@ta&5 00-1 00 0t)liT5- 

[0 0 2 6] figttS, l*Ejf*Utt7 5 0~9 5 

«wsifcssifii<*5o-eff*u< ftv\ *»wk*rr« 

2. 9 7#i#&tL5RI0lCj3V^-r % ^tStt^^+KfiHI 
Ts 1 0 0 0 p p mWT\ 1 0 p P mKT«« s *S»ffl 

SftSo 

[00 2 7] *mm&»ttfa<om\z.s 

«*t fc »«•«• t fr«£T 4 i fc fc J: 9 s jEflMHfl^* 

£ft* 0 iwrtftw:, tfyy^fc^-y?^ tfy^ 
/m-x, 7* y/t^Hl^ffl^fefta, 

mtmm* fc mm t m&w* b wus£tr«5*&* 

(00 2 8] *«8J«>*#SMb«J*]E«S*frt UTffl 
[0 0 2 9) ±3E*«3t^^«rlji»T? 1 b 2a»-t<rS 



ft|i|200 2-1 4 5 6 2 3 
6 

WtrwWM, 
1 1 J: 0 y tr fc Aw 

[0 0 3 0] SHfcLTtt. CI O- -s CF 3 SOs 
BF4 -» PFo -, AsFi -s SbF. C 
F» CO: - % (CF) SOa ) 2 N-#?&7~*>fc 

■r« y ^ * i asn±*ie^ ts - fc 

-7-IC0. 2~2. Omo l/L©^jg-e»-r-50)5 s 
0. 5-1. 5mo l/L#SCStb5. -k^u-^C 

[i#7L®^y^^^>. ^Tt^y^^f^^^ 7 ^^ 

[0 0 3 1 ] ftggflWricia, y f-^A^fTt-y^m 
^tB-aiagft I > 6 ft 6 . fe»l*t 6*t 

K**m, HJWSR14, 1 5*<0^*%**fc 

[0032] mmwt Lxa, ftw^ffftfr"?* 

5. £fcEM£fc LTtt, ^S, =y^A4W#JB^5> 
ft5 0 

[0 03 3] BKRtfftftli, «S*««rW»»KfciB« 
LTX?y-fcU, KX7y-t^J»«*«frK»*. 

i^mt (^toij>67^AK) . *fOfi**» was 

[0 0 3 4] 

HSRWl~3KoUNt|ftWi-5*, *j6Wtt-ftfe©» 
J6«K:IR6*ftftv\ 
[00 3 5] l )) y 

y-^**««:K««rtOpHasi 1. 3 5ICft5i9 

ft, ^7!) • *i5t • «j»UT««T?¥*WBS8 
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(5) 



13 2002-145623 



ftfcP ^VA»*fc«r«*U 8 3 0 

Mn,.,. O* rcD»*(OCuKaiJli 

TffcSrt^Wofc, !)-h^Hfffct9« ail*© 
»*3£»tt 2 . 9 0 2 A, c 14.32 
A-Cfcofc, rott*^^. FeSO* fcK 

MnO, *fflV^»ft;5t7c«Jfet^^^fci9 = 

T-foofc, C: 0. 7 8m 2 /e"C'fo 

ot, #ehftLiNiO. 5 0Mno. =u O, »* 

ofc» i N i .. so Mno.no 0« $&3fcK 

-A'SA*#U ^fD-HL c©*?y-*** 

2 0 Mtii»T^5-!>^1fijEWfc«*ifc**U 1 5 
O^fcT&j&LTN-^/l'fc^y KVfrlfeSLfc. U 

3 0 0 Mm©ft«y f-f A«4rft»fcfflV^WB« 
fcfc = y U S«*£I4 1 M LiPF. 

/EC + DEC (1 : 1) tlBV^^2 0 30 

6 0 , CniMe#HftnFT\ 3EIHBW1 8fc^>* 3 0m 
AT" 4. 3 V U jE8H6*Jffl gC^S 

3 0mACT2. 7 V*?3^«»fiUT***iM ? 

/no** 3 o ig]f?fcv\ 2 ia*acaa»»«**fc 3 0 

B-^^Mtlitfc, i«)«*ffl-feA'*rS 0°C 
»?tlg#ffl^T-e4 . 3 V*-Wfc*bfc***'tr<[MT 

4 9mAb/g, SS»#*ti:9 2%, ffllWlB 

2 8 3t:-cfc-?fc 0 

10 0 3 6] (gffiffl 2 » &|Rfiia*ffi*&tt fc ix-c, * 
h*it*i«flstt»#«r 5 5 o'CT^^T'^ - » 



3 OtI-Clfe* • MU¥«6^mWL i N i ■ 
Mno.*r. Coo.io 0« fc£*Ufc. 

65j^i^si-«iii«f5tx- fe 5 i h #m<> fc. y - h ^ 

W*ffc.fc9, 2. 9 0 3As ctt©& 

*fcftttl4. 3 4At?fcofc 0 *fc. ^©©*K-3^ 

K03F*«»*#»fctr.5 2. S7 3^ot c© 

10 *®£i*3. 0 8g/cm' ^fcofc. ±B£*Wl© 
LiNi».»« Mno. >o O. ©ftfrDKL i N i 
„. . s Mn,« Co,,, O* 
» % ±XJtMfflli fcia«u:LTSEWfc».ttf«!l&fcft l » 

[00 3 7) 3 )) ±S**« 2 ©&M«&7k 

Wtifrotink***' h Oftb 9 KIHIT ^ 5 = £ A fcft 

20 1 kBHitWflftftS ^mCyfi'A--^-^ 
Mno * ,AU.. Ot ) 

it^^fc* y-h^S» 
2. 8 9 6A, c»ro*&-f^ 

8(1114. 2 9ATfeofc 0 £fc, r©»*I^O^-C, 
±!EHiS0iJ l t Ib» - y ❖•A' ^ >^ v k = V © 
^«Sr**fctr?>2. 9 2 3t'fcoft, Z<0%)^. 
<OVcMmm-t0. 8 5m" /stfoot, 
30 gtt3. 0 7 g/cm 5 T*foo)t 0 ±la^l^ll©L i 
Nio. m Mno. 3(l O 2 0ftfc>9fcLiNi 
o 4 . Mno. a* Alo. ,o O, 5r^fflLfc(tk 

UWtSrWtf Ufc. WJffl^aii 15 0mAh/g,« 
W»«»9 4%, 9BMM*nuK»i2 8 e^CT'ifco*:, 

[0038] 4 )) mMmm 2 ©^jaaiiat* 

SMfc*fcftJ*L, ov^-CJ:ttSBi«l fcWWfcWSft 

(L i N i 0.4= Mno. .10 F e 
.... Ox) -<D^*©CuKalcJ;5 

fcS^t^lofc. y-h^h^ii^, attwft 

^•3eg:H2. 90 1 A, c i&liO^T'S^tt 1 4 . 3 3A 

83m a /8Tibofc 0 »#^l'^**tt3. 05g/ 
50 c -C«>ot. ±M^mm lWLiNi». s« Mn 
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o 50 Oi ©ttfrflKL i N io.< » Mn«. « = 
F e o. io O . bfcflMi, -hffiSlMi 1 1 W« 

*fifct±l 5 lmAh/g, **BW*«9 4%, SftSR 
*ML£tt2 8 O'C'Cfcofc. 

[0039] mm.® 5 » ±aE«tt« 2 (o&m@m& 

{fell, ±KWI*l2tWait=5r^— T^V-^ 

yfMfcW* (LiNio, <5 Mn.., s Ti 
ol0 Oi ) ^*lt rOfistSOCttKatJiS 

^Jt»tt2. 9 0 4 A, clO^aiiH. 3 4A 

cm' T*foofc 0 i:fB*K0>Jl»L iNi,s« Mn 
0.50 O i <0Rt> 5tL i Ni o.t sMn.,.. 

t i o. io o . ufcffift, j-jbsomh 1 1 w» 

Sffclil 5 ImAh/g, Si»£i*9 4%, StftR 
te&fttt 2 8 5 fc. 
[0 0 4 0] OUtM 6 )> ±££S« 2 ©& J35ftS« 

A*«#ft5fc|&5|5 (LiNio. 4 . Mno,4 S Cr 
o .o O. ) «r^*Ut, :©»©CuK*ia5 

x»im»f»*f we*, r - 3 mmsm^mrn'Mx- 

^S£ftli2. 9 0 2A, ciOftffiRlJU. 3 2A 

i^«2. 9 2 0ffcofc 0 ;w$*<DJfcSE$tt0. 
7 9ra' J /gtiolt, »fltfV***S3. 1 4 g/ 
c m 3 T?4>ofc, ±SE£*W lOLiNi.H Mn 
o. =o O* ©ftbOfcL i N i o. < sMno. 4 5 
Cr,,. O, «r«ffl Lfcfctt, J:IB53*WI 1 fcPW 

Sfittl 5 3mAh/g, 8ftJtff*tt9 4%* **W» 

[00 4 1] mm 7)> _hs*ttfl 2 a&gfiMK&* 
o«a»= i- ©ftt> 0 taas^ y £ a ttys u 

fcfttt, ±S&Jttt2 fcHWC^y^A'— v's-HV-U 



#15200 2-145623 
10 

*SHt*»* (L IN » o.4. Mno.,5 Ga 

O a ) frfrtftbfc. i©t&*©euKaKlA«5 
X»srr»W©JS*, R - 3 m«1BB»)H««*lH»S 

&*£&W:2. 8 9 9 A, c»©*^fi*»a4. 3 0 
Affc-jfc, tfc, £©tt#KOfcvC, Jbfc&lfeW 1 £ 

&t^?>2. 9 2 3ffcofe, £©|&**0>Jfc*»S«tt 
0. 7 5m* /g-ffcofc.»^«3- 06 
g/cm' X&ofc. ±^«CTlWLiNio. «. 
Mn. co Oi 0ft*>9fcLiNio. 4 « Mn 
„4 0 G a 0. ao 0= Srfliffl Lfcffi«s Jt*.**« 

fc„ WSj^Sttl 5 0mAh/g, Sfi*l}t*(19 3 

[004 2] mmm 8 » jissasw 2 

^y^*A#fl3tfl#*£j*U op-CbfiMfcfl 1 i: 

m&Mimm (L i N i v , 5 Mn., <■ I n 
0, 10 Oi ) Sr^tfcc iO»5KOCuKalc:J:5 

«HF-Sfttl2. 9 2 2A, c*«*fS«ttl4. 3 6 

fcfcc:62. 9 3 2T'feofc t i©t&*0**SSJclltt 
0. 7 1m' /g-Cfcofc, ftfl^^«*ti3. 13 
0 g / c m 1 T'fcofc. ±|e»i| 1 CO L i N i 0. =o 
Mn,,,. Oi «3ftt>9KLiNiM »Mti 

0.,., i no. >o o* ifcfflufctttt, -bia^Mitt 

fc 0 »J»l#fittl 5 5mAh/g, ^S»^«9 5 

10 0 4 3] ((^w 9 » j-^mmm 2 ©Aiwiaaia* 

w 6mw9 f^-^yify-tt^ttW (L i 
Nio. . i5 Mn.,.i Sum. O* ) Sr-n^L 

- 3 mnmmm^mm^hi z. t x ) 

- h^yu b UWf H J: 9 , a «»1frT-£»M; 2.910 
A, c«cOfe^»il 4. 3 5AXfo^fc a d 

fc 0 d©f&*OJt«ii«tt0. 8 5ra S /gX"feo7t„ 
fflft.7ux%g.\t3. 10 g/cm 3 X'fcot. 
50 fe^llfiOL i N i o .m Mno.r.o Oi ©f^fc"3lC 
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*m L®&m® ut= *U»S*tt 1 5 2 m A h / 

[0044] i > ±xmm i i m*.- >> * 

y *r^*ttMtft*ftrt U OV vt?£©- s> 

t s 3 o °c-c* s P»mn# - tm\--zwm& 7 

-©©*fl?CuK«tJ:5X*0l«>«f«>lS*. R-3 
^HWPKJ:"?, aH<5»^fi*B2. 8 8 8A. ctt 

wW*******-* 2 - 9 9 7-efcofc. ;©» 
#©lt»¥it49. 6 2m* /gtfc^t 
&SE142. 4 2g/cm' T'&^fc. ±S^«Wl«>L 
iNio. 5 o Mdm» o« ©ttfeDfc***** 
KJ;»mb;ftfci©LiNi..*o M»o, s . O2 20 
<&fflLfcft!l(4. ±|B*»«1 tR«ici£ffi*M8*tfs» 
^«L-W14S:^WL-fc 0 #)$^&t41 4 9mAh/ 

oft, 

[0045] otwj 2 ) ±&mtm 2b®m\z~yr 
o= y » ijvmmum* t *smis y *■ * ^ 

J8**»£ U *«t« 8 3 0 "CT* 8 H#P B « ■ «* UX 
«F*8Bce7A»m©LiNi..« Mn 0 ..« Co 
. .o Oz r«»*OCuK«Pi:5X 30 

nsmwr^Bfofe*, r - 3 m m#mK&mm#**> 



#$2002-14 5 6 2 3 
12 

E$cf42. 8 8SA, c*o«HF3»H:14. 3 1 At? 

2. 9 ro»*roit*fiii«t4 9. 8 9m 

* /gtbt ft{fc/Wi*Ktt2. 4 1g/cm 
T-fcofc, _hBJBM* 1 ©L i N i .. *o Mn 
„ 5 , Ot ©Kb* 5* MvfcCO 
LiNi.... Mn.... Co,,, O, tttffi 

mmmtd 5%s 2 2 9tffeot„ 

[0 04 6] <!*:«« 3 ) IS&m 2 ©AJRBMWfi* 

±xmm 2 fc rwwe= 

Wfc^lSr^b. oV^t?±iatt^J2fc^-^* 

hm^fc*®* (L i N i u. '0 M 
n». Co.... 0» ) -«**° 

CuK»K:J;5X*ia#f»«f©«ft, R-3m»i 

©lt*ai«H4 1- Zfim'/stSjot. JbK3»W 1 
©LiNi.. so Mno. 6 . O, (Oftt>9fcLiN 
i i, 7 .Mnud Coo. in Oa LTbfiil 

ttfcffffiL.fc. WiHil 8 0mAh/g. »SJii* 

10 0 4 7] ±fe2?*fe<a 1 -9 t tt«w 1 

- 3 fc 
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3.16 


WW 
149 


92 


283 
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1434 






a08 


155 


se 


276 




aeaa 


1429 


Z.923 


ass 


aoy 


150 




266 






1433 






3.05 




84 


260 


SKN5 


a,eo+ 


14S4 






3.11 


151 




266 




Z902 


14J92 




CUTS 


3.14 


153 


54 


288 






1430 






3.0© 


150 


93 


281 




2.922 


u^a 






313 


155 


95 


282 




2.010 


1435 






3.10 


162 


94 


284 


[rT'n 


2£88 


1432 






2.42 


149 


92 


238 




zses 


1431 


2^68 




2.41 


133 


©5 


229 


53 fei 


. r 




3O02 






180 


87 





[00 4 8] 



lawti c \j \. m * -v >- >■"■» ' , w 



•O8*O2ji22B($)16l|350 $ft:MCDERMOTT 



H:ISEI.I PATENT 



H: 8 99 P. 15 



(8) «H2 0 0 2-X 4 5 6 Z3 

CTOJM* *tt &M f *w «« ;»oi abos A co6 AD06 

, . -i 2**"**^ AL07 AL12 AMOS AM05 AM07 

iillS^^ETi 2#lO* CJ02 CJ03 CJ08 CJ11 CJ28 

tf^TtZllm DJ16 DJ17 HJ02 HJ07 HJ08 

HJ13 HT14 

*4 * * * */H**«tt* ga2? ^ ^ ^ flA13 

HAH 



'08¥02fl22H($) 16$35# MCDERMOTT 
Searching PAJ 



II: I SHI I PATENT 



R : 8 9 9 P. 16 
1/1 ^-v 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 2002-1 45623 

(43)Date of publication of application : 22.05.2002 



(51)IntCI. 



C01G 53/00 
// H01H 4/58 
HOiy 10/40 



(21) A PP lication number : 2000-337008 (71)Applicant : SE1MI CHEM CO LTD 

(22) Date of filing: 06.11.2000 (72)Inventor : KAZUHARA MANABU 

SUNAHARA KAZUO 
KIMURA TAKASHI 
MIHARA TAKUYA 
YUGAWA MEGUMI 



(54) LITHIUM-CONTAINING TRANSITION METAL MULTIPLE OXIDE AND MANUFACTURING 
METHOD THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a positive electrode active material for a lithium 
secondary cell having a wide usable voltage range, the excellent durability against charge/ 
discharge cycle, high capacity and safety. 

SOLUTION- The lithium-containing transition metal multiple oxide, in which the average numoer 
of valency of nickel-manganese-metal element M in a lithium-containing nickel-manganese- 
metal element M multiple oxide for a lithium secondary cell is 2.700-2.970, is used as the 
positive electrode active material for the lithium secondary cell, The lithium-containing mckel- 
manganese-metal element M multiple oxide for a lithium secondary cell is formed by firing a 
nickel-manganese-metal element M multiple compound and a lithium compound and is 
expressed by a general formula, LiNixMn1-x-yMy02 (where, (x) and (y) are respectively 0.30<x< 
0.65, 0<y<0.2 and M represent a metal element selected from Fe, Co, Cr, Al. Ti, Ga, In and Sn). 



htt D ://www1 9.iDdl.inoitgo.io/PA1 /result/detail/main/wAAAjJayjGDA41 41 45623P... 2008/02/22 



'08$02j322B(!) 16!|35ft ^:MCDERMOTT 
JP.2002-145623.A [CLAIMS] 



||: I SHI I PATENT 



R : 8 9 9 P. 17 
1/1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation- 
's document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim ^General formula LiNi.Mn^M^ (however, it is 0.30<=x<=0.65 and 0<=y<=0.20.) A 
metallic element as which M is chosen from Fe. Co, Cr, aluminum, Ti, Ga, In, or Sn. It is 
expressed, A lithium containing transition metal multiple oxide for lithium secondary battery 
positive active material, wherein average valences of an element which cons.sts of nickel, 
manganese, and the metallic element M are 2.700-2.970. ,.-«_■»■. 
[Claim 2]The lithium containing transition metal multiple oxide according to claim 1 . wherein it is 
R-3-m rhombohedron structure and specific surface area is below 2-m /g. 
[Claim 3]The lithium containing transition metal multiple oxide according to claim 1 or 2 wherein 
a grating constant of an a-axis is 2.895-2.925A and a grating constant of c axis is 14.28- 4.38A 
[Claim 4]A lithium containing transition metal multiple oxide given in any 1 paragraph of claims 1 
thru/or 3, wherein exothermic starting temperature is not less than 255 **. 
[Claim 5]A lithium containing transition metal multiple oxide given in any 1 paragraph of claims 1 
thru/or 4, wherein granular material press density is more than 2.9 g/cm . 
[Claim 6]It is the method of manufacturing a lithium containing transition metal mult.ple ox.de of 
a statement in any 1 paragraph of claims 1 thru/or 5, A manufacturing method of a lithium 
containing transition metal multiple oxide mixing a nickel manganese metallic element M 
coprecipitation conjugated compound and a lithium compound, and calcinating th.s m.xture at 
500-1000 ** in an inert atmosphere. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
ages caused by the use of this translation. 



1 This document has been translated by computer. So the translation may not reflect the original 



precisely. 

2.***+ s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Rdd of the Invention]This invention relates to the improved lithium containing transition metal 
multiple oxide which is used as positive active material of a lithium secondary battery. 
[0002] 

[Description of the Prior Art]In recent years, the expectation for small size and the nonaqueous 
electrolyte secondary battery which is lightweight and has high energy density is growing as 
portable-izing of apparatus and cordless making progress. The multiple ox.de of lithium such as 
LiCo0 2 . LiNi0 2 , LiMn 2 0 4 , and LiMn0 2 , and a transition metal is known by the act.ve material for 
nonaqueous electrolyte secondary batteries. 

[0003]Research of the multiple oxide of lithium and manganese is briskly done in it as a cheap 
material whose safety is especially high these days. These are used for positive active material 
and development of the nonaqueous electrolyte secondary battery of the high tension by 
combining negative electrode active material, such as occlusion and a carbon material which can 
be emitted, and high energy density is furthered in lithium. 

[0004]Generally, the positive active material used for a nonaqueous electrolyte secondary 
battery becomes lithium which is main active material from the multiple oxide which made 
transition metals including cobalt, nickel, and manganese dissolve. With kinds of the transition 
metal used, electrode characteristics, such as electric capacity, reversibility, operating potential, 
and safety, change- , . , , _ .. . .. 

[0005]For example, the nonaqueous electrolyte secondary battery which used for positive active 
material the R-3-m rhombohedron halite laminar multiple oxide which made cobalt and nickel 
dissolve like LiCo0 2 and LiNi a8 Co a2 0 2 . While being able to attain 140-160 mAh/g and 180 - 
200 mAh/g, and comparatively high capacity density, respectively, high voltage regions, such as 
2.7-4.3V, show good reversibility. 

[Problem(s) to be Solved by the Invention]However, when a cell is warmed, since the problem on 
which a cell generates heat easily by the reaction of the positive active material at the time of 
charge and an electrolysis solution solvent, cobalt used as a raw material, and nickel are 
expensive, there is a problem to which the cost of an active material becomes high. 
[0007]The proposal of UIW 5 W fc W>* is made by JP - 1 °-° 2761 1 ' A that the characteristic 
of LiNi 08 Co 02 O 2 should be improved. Although the proposal is made by JP.10-81521.A about 
the manufacturing method of the nickel manganese 2 element-system hydroxide raw material for 
lithium cells which has specific particle size distribution. In which thing, the positive active 
material with which it is simultaneously satisfied of three persons of charge-and-discharge 
capacity, cycle durability, and safety is not obtained. 

[0008]LiMnO 2 of a prismatic crystal Pmnm system or a monoclmic C2-/m system, The cell us.ng 
LiMn 095 Cr 005 O 2 or LiMn 0 9 aluminum 0 ^ Although safety is high and there is an example which 
initial capacity reveals highly, change of the crystal structure accompanying a charging and 
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discharging cycle takes place easily, and there is a problem which becomes insufficient [ cycle 
S! The proposal of LiNi^O, should do to each gazette of JP.5-283076.A, dWH 
171910.A, JP.2000-294240.A, and JP.2000-223157.A. Although the proposal of LiCo^M^, 

O ' is made by JP 1 1-25957.A, that with which all are satisfied of both capacity charge 
^discharge cycle durability and safety per capacity and volume per weight is not obtained. 
[O0l0]lt was made in order that this invention might solve such a technical ^^nd t^ 
purpose has high capacity and there is in providing the h-gh safety posibve electrode material for 
nonaqueous electrolyte secondary batteries excellent in charge-and-d, S charge cycle durab.hty. 

[Means for Solving the Problem]ln order to attain the above-mentioned purpose this invention is 
general formula LiNi x Mn 1 _ y M y 0 2 (however, it is 0.30<=x<=0.65 and 0<=y<=0.20.)- Metalhc 
element as which M is chosen from Fe, Co. Cr, aluminum, Ti. Ga. In, or SnJt is jessed, A 
lithium containing transition metal multiple oxide for lithium secondary battery positive acfve 
material (henceforth "a multiple oxide of this invent™ ), wherein average val ,nces of *n 
element which consists of nickel, manganese, and the metall.c element M are 2.700-2.970 is 

WOI 2] As a result of active oxygen's consisting is easy to be emitted of anodes when a cell is 
charged if the above-mentioned average valence is larger than 2.970. smce ,t .s easy to follow 
oxidation reaction of an electrolysis solution and the safety of a cell falls. ,t .s not des.rable. 
[0013]Since it becomes impossible to be precisely filled up as a result of growth of ™ 
aggregated particle crystal growth is late and according to condensation of a crystal becom.ng 
slow at lithiation reaction time, if the above-mentioned average valence is larger than 2.97U 
when press molding of the active material is carried out. Since capacity per volume falls, or 
specific surface area of active material powder becomes high and the d.ssolubon to an 
electrolysis solution of manganese takes place easily, it .s not desirable. 
[0014]In another side, if the above-mentioned average valence is smaller than 2.700. since 
capacity per weight will fall, it is not desirable. In this invention, especially des.rable average 

valences are 2.850-2.950. ... . . 

[0015JAS for specific surface area of a multiple oxide of this mvention, .t is preferred that it is 
below 2-m 2 /g. If specific surface area exceeds Z-m z /g, since cell capacity falls temporally, ^.n 
what is called a rocking chair [ which it becomes easy to d.ssolve manganese in an anode .n an 
electrolysis solution at the time of elevated-temperature use of a cell and uses a ^on 
material especially for a negative electrode ] type lith.um .on battery, it ,s not des.rable. Below 1 
m 2 /g of especially specific surface area is preferred. 

[001 6]As for a multiple oxide of this invention, it is preferred that rt .s an active material which 
has R-3-m rhombohedron structure from a field of charge-and-discharge cycle durab.hty 
especially. In this invention, it is still more preferred that a gratmg constant of an a-ax.s ■ . R-3- 
m rhombohedron structure is 2.895-2.925A, and a grating constant of c axis is 14.28-14.38^ 
Since the safety of a cell, etc. will fall if a grating constant separates from this range, it .s not 

[001 ^Exothermic starting temperature is not less than 255 **. and. as for this point, a multiple 
oxide of this invention is mentioned to one of the features of this invent-on When exotherm.c 
starting temperature washes with a solvent an anode charged at 50 ** 4.3V by having made 
lithium into a counter electrode and carries out temperature up with ethylene carbonate .t 
means temperature by which a reaction with an electrolysis solution is started. [ as used in th.s 

^According to this invention, positive active material with high safety with ^thermic 
starting temperature specially high as mentioned above .s prov.ded. Namely, exotherm.c starting 
temperature of the conventional LiCo0 2 at around 1 55 **. Exotherm.c startmg temperature .s 
around 175 ** as for a case of LiNi Q 8 Co 0 2 0 2 . To exothermic starting temperature of LHVln 2 0 4 
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being around 235 **. since a multiple oxide of this invention is as remarkable as not 

25E X ^ and its exothermic starting temperature is high compared with them, the safety of a cell 

roOlS According to this, it is preferred that it is more than 2.9 g/cm 3 . and granular material 
ores! densCo ' multiple oxide of this invention mixes a binder and a solvent to active matenal 
nowder make them wi* a slurry, and coating and desiccation, and when rt presses, ,t can make 
oZcRy Per voLmThl^at cha7ge collector a.uminum foil. Especially desirable granular matenal 

^^SSm d££ ^ this invention means apparent density gravity which 
caSed ^^powder from volume and weight of a molding body when the hydraulic press was 
carried out by a pressure of 1 t/cm 2 . Positive active materia, by this invention The conv^onal 
manganese spinel LiMn 2 0 4 . a lithium layer-like manganese compound, for example, granular 
material press density of LiMn0 2 , ~ at most, since granular material press density is as high as 
several steps compared with being about 2.6 g/cm 3 . It also has the feature which car .make 
cecity density per volume of a cell remarkably higher than old lithium mangan.c acid ghost 

Sffi£2^*lon-l ^nera, formula LiNLMn^O, since it becomes it difficult to 
take a stable R-3-m rhombohedron structure that x is less than 0.30, it is not desirable. If x 
exceedfo^ since saU will fa... it is not desirable. Especially the desirab.e ranges of x are 

rioS'lLe that it is one metallic element atom of Fe. Co Or. aluminum. Ti Ga In, and Sr icjn 
aim at improvement in charge-and-discharge cycle durability, safety, capacity, etc the metalhc 
element M is preferred, the addition y of M atom is 0<=y<=0.20 - des.rable - 0.01 to 0.1 8 ± 
is 0.05-0.16 especially preferably. . 

[0023]This invention is in charge of manufacturing the above-mentioned llthium ^ n '" . el 
transition metal multiple oxide for lithium secondary battery pos.t.ve active matenaL A nickel 
manganese metallic element M coprecipitation conjugated compound and a ''th um compound are 
mixed, and it is characterized by calcinating this mixture at : 500-1000 ** m an mart : atmosph^ e. 
As a lithium compound used for a reaction, lithium hydrox.de, lith.um carbonate, and hth.um ox.de 
are illustrated preferably. , A . . . 

[0024]As a nickel manganese metallic element M co P rec. pi tat.on conjugated compound A nickel 
manganese metallic element M salt water solution, an alkaline metal hydroxy 
ammonium ion supply body are supplied to the system of react.cn ^"uou* or 
respectively. A reaction is advanced, where it made temperature of the system °[ l ' e ^ t T. nt0 
constant temperature within the limits of 30-70 ** and pH .s held to * 10 13 

within the limits, General formula nickel x Mn t ^_ y M y (OH) p (however. ,t ,s 0.30<-x<-0.65. 
0<=y<=0.20, and 2<=p<=4.) M is chosen from Fe. Co. Cr aluminum Ti. Ga In, or Sn. Nickel 
manganese metallic element M coprecipitation compound hydrox.de which has the almost 
spherical particle shape acquired by making **** nickel manganese metallic element M 
coprecipitation compound hydroxide expressed. Or nicke manganese metallic element :M 
coprecipitation compound oxy hydroxide produced by making an oxidizer act on the ; above 
mentioned nickel manganese metallic element M coprecipitation compound ^^5^ 
preferred that it is especially either of the nickel manganese metallic element M W™^™ 
multiple oxides produced by calcinating the above-mentioned n.cke. manganese ^ 
M coprecipitation compound hydroxide or the above-ment.oned n.ckel manganese metallic 
element M coprecipitation compound oxy hydroxide. 

[Embodiment of the InventionjThe multiple oxide of this invention, for example Nickel <™B"<»» 
metallic element M coprecipitation compound hydroxide, The n.ckel manganese metalhc element 
M coprecipitation compound powder chosen from nickel manganese metal he element M 
coprecipitation compound oxy hydroxide or a nickel manganese metalhc element M 
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coprecipitation multiple oxide, It is obtained by calcinating a ^^^^TSt^^ 
powder (preferably lithium hydroxide, lithium carbonate, lithium oxide) by 500 1000 ** ot solid 
phase techniques under an inert gas atmosphere for 5 to 40 hours. 

T00261A temperature requirement is 750-950 ** especially preferably. If ft calcinates m an 
oxygen containing atmosphere, for example, the atmosphere, since the average valence of the 
desPed manganese nickel metal element M will become high, it is not desirable As ong as the 
tTragJZ^Z 2.70-2.97 of the manganese nickel metal element M specrfied to th.s invent,on 
are obtained, low-concentration oxygen may be contained in inactive gas. Although it depends 
for this allowable oxygen density also on calcination temperature and an active material 
Xenta 1000 PP m or less. 10 ppm or less, etc. are adopted suitably 1% or less, for example. 
r0027]Positive electrode mixture is formed by mixing a carbon system conducing material and 
binding material, such as acetylene black, black lead, and Ketchen black to the powder of the 
multiple oxide of this invention. Polyvinylidene fluoride, polytetrafluoroethy ene. polyam.de, 
carboWmethyl cellulose, an acrylic resin, etc. are used for ^ l ^^J^Z^n 
consists of the solvent or carrier fluid of the powder of the multiple ox.de of this .nvent.cn, a 
conducting materiel, binding material, and binding material - positive pole coH *» 
aluminium foil. - coating - it dries and rolls [ press ] and a positive act.ve matenal layer .s 
formed on a positive pole collector. _4.„i*i 
[0028]!n the lithium cell using the multiple oxide of this invention as posrbve active matenal 
carbonic ester is preferred as a solvent of an electrolytic solution. Carbonic ester can use both 
annular and a chain. Propylene carbonate, ethylene carbonate, etc are .llustrated as i cyclic 
carbonate As chain carbonic ester, dimethyl carbonate, diethyl carbonate, ethyl methyl 
carbonate, methylpropyl carbonate, methylisopropyl carbonate, etc are illustrated^ 
[0029]It may be independent, or the above-mentioned carbonic ester may be used for two or 
more sorts, mixing. It may be used mixing with other solvents. If chair, carbonic ester and cyclic 
carbonate are used together depending on the material of negative electrode active material a 
discharge characteristic, cycle durability, and charge and discharge efficiency may be improvable. 
It is good also as a gel polymer electrolyte by adding a fluoridation vinylidene-- 
hexafluoropropylene copolymer (for example. Kiner by Atochem). and a fluondation vmyhdene- 
SZro prop^viny. ether copo.ymer to these organic solvents, and adding the fo. owing ^solute. 
[0030]As a solute. CI0 4 -, CF3SO3-. It is preferred to use any one or more sorts of the Irth.um 
salt which uses BF 4 ~. PF 6 -. AsF,-, SbF^, CF 3 C0 2 -. 2 (CF 3 S0 2 ) N-, etc. as an anion. As for an 
above-mentioned electrolytic solution or polymer electrolyte, it J Preferred to add the 
electrolyte which consists of lithium salt by the concentrat.cn of 0.2 - 2.0 mol/L to the above 
mentioned solvent or solvent content polymer. If it deviates from this range, .on.c conduct.v.ty 
will fall and electrolytic electrical conductivity will fall. 0.5 - 1.5 mol/L is selected more 
preferably Porous polyethylene and a porous polypropylene film are used for a separator 
[003l]The material which emits C occlusion and ] a lithium ion is used for negative electrode 
active material. Although the material in particular that forms negative electrode active matenal 
is not limited, an oxide, carbon compounds, a silicon carbide compound a silicon o**cow*»A 
a titanium sulfide, a boron carbide compound, etc. which made the subject the metal of a Irth.um 
metal, a lithium alloy, a carbon material, the periodic table 14, and 15 fellows, for example are 

SoSst carbon material, what carried out the pyrolysis of the organic matter on various 
pyrolysis conditions, an artificial graphite, natural graphite, soil black lead, expanded graphite, 
scaly graphite, etc. can be used. The compound which makes the tin oxide a subject can be used 
as an oxide Copper foil, nickel foil, etc. are used as a negative pole collector. 
[0033]As for an anode and a negative electrode, it is preferred to knead an active matenal with 
an organic solvent to consider it as a slurry, and to obtain this slurry by applying drying and 
pressing it in it to a metal foil collector. There are no restrictions in particular ,n the si lape of the 
Hthium cell using the multiple oxide of this invention. A sheet shaped (what .s called film state), 
the letter of folding, a wound type closed-end cylindrical shape, a button form. etc. are chosen 
according to a use. 
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[Example]Next. although concrete Examples 1-9 and the compare examples 1-3 of th.s 
invention are explained, this invention is not limited to these examples. 

r0035]«Example 1» The metal sulfate-water solution, aqueous ammonia solut.cn, and caust.c 
soda aqueous solution containing nickel sulfate and manganese sulfate were cont-nuously 
supplied so that pH in a reaction vessel might be set to 1 1 .35. Temperature was held at 50 **. 
After the reaction, the slurry was rinsed [ filtration J and dried, it was sphencal and the nickel 
manganese coprecipitation hydroxide granular material with a mean parade diameter of 8 
Aerometers was obtained. This nickel manganese coprecipitation hydrox.de granular material 
was calcinated and ground in the atmosphere at 550 **. and nickel manganese copre aprtabon 
oxide powder was obtained. This nickel manganese coprec.pitat.on ox.de powder and lithium 
hydroxide powder were mixed, it calcinated and ground at 830 ** among a nitrogen gas 
atmosphere, and LiNi 050 Mn 050 O 2 with a mean particle diameter of 7 micrometers was 
compounded. X-ray diffraction analysis by CuKalpha of this powder showed that it was R-3-m 
rhombohedron stratified rock salt type structure. By the Rietveld I andys-s. the grating constant 
of 2 902 A and o axis of the grating constant of the a-axis was 1 4.32A. It was 2.91 7 when rt 
asked for the average valence of nickel and manganese about this powder with the redox 
titration and the chelatometry which used FeS0 4 and KMn0 4 . The specific surface area of th.s 
powder was 0.78m 2 /g. It was 3.15 g/cm 3 , when the hydraulic press of the obtained 
LiNi0.50Mn 050 O 2 powder was carried out by the pressure of 1 t/cm 2 and granular matenal press 
density was calculated from volume and weight. Ball mill mixing of this LiNi Q 50 Mn 0 5Q 0 2 powder, 
and acetylene black and polyvinylidene fluoride was carried out adding N-methyl pyrrolidone by 
the weight ratio of 83/10/7. and rt was considered as the slurry. This slurry was apphed on the 
20-micrometer-thick aluminium foil positive pole collector, it dried at 150 **. and N-methyl 
pyrrolidone was removed. Roll press rolling was carried out to after an appropriate t.me, and the 
positive electrode body was obtained. Use 300-micrometer-thick metal lithium foil for a 
separator at a negative electrode using 25-micrometer~thick porous polyethylene and n.ckel fo.l 
is used for a negative pole collector, To the electrolysis solution, the coin cell 2030 type was 
assembled within the argon glove box using 1M LiPF 6 /EC + DEC (1:1). And constant current 
charge is carried out to 4.3V at 30 mA per 1 g of positive active material under a 60 ** 
temperature atmosphere. Constant current discharge was carried out to 2.7V at 30 mA per 1g of 
positive active material, the charge-and-discharge cycle test was done 30 times, and the 
capacity maintenance rate was searched for from the ratio of the service capacity after 2 times 
charge and discharge, and the service capacity after 30 times charge and discharge. The short 
form sealing cell was assembled within the argon glove box using the same anode and separator, 
the negative electrode, and the electrolysis solution for battery safety evaluat.on^After charging 
this short form cell to 4.3V under a 50 ** temperature atmosphere, the cell was dissembled 
under the room temperature, and it asked for exothermic starting temperature when puttmg the 
anode into the well-closed container and carrying out temperature up to a sample using nothing 
and a differential-scanning-calorimetry device with ethylene carbonate. As for initial capacity. 
149 mAh/g and the capacity maintenance rate were 283 ** in exothermic startmg temperature 

[0036l<<Example 2» The metal suifate-water solution containing nickel sulfate, manganese 
sulfate, and cobalt sulfate was used as a metal sulfate-water solution, and also the nickel 
manganese cobalt coprecipitation hydroxide granular material with a mean part.cie diameter of 8 
micrometers was obtained like the above-mentioned Example 1. This nickel manganese cobalt 
coprecipitation hydroxide granular material was calcinated and ground in the atmosphere at 5SU 
** and nickel manganese cobalt coprecipitation oxide powder was obtained. This nickel 
manganese cobalt coprecipitation oxide powder and lithium hydroxide powder were m.xed, it 
calcinated and ground at 830 ** among a nitrogen gas atmosphere, and UN. 045 Mn 045 Oo 010 u 2 
with a mean particle diameter of 6 micrometers was compounded. X-ray diffraction analysis by 
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CuKabha of this powder showed that it was Rr3-m rhombohedron stratified rock salt type 
SSture By the Rietveld analysis, the grating constant of 2.903 A and o axis of he gratmg 
SStart of *e a-axis was 14.34A. It was 2.873 when it asked for the average valence of rockel, 
rninI S e.rnd cobalt like the above-mentioned Example 1 about this powder. The specfic 
surface area of this powder was 0.79m 2 /g. Granular material press density was 3.08 g/cm . 
50*^45^1^1 WaS US6d inSt6ad ° f LiNi 0-50M"0. 5 oO 2 ^ the above-ment,oned Example 1, 
and aSo the positive electrode body and the cell were produced like the above-ment.oned 
Example 1. and the characteristic was evaluated. As for initial capacty 155 mAh/g and the 
capacity maintenance rate were 275 ** in exothermic startmg temperature 96%. 
fo037K<Example 3» Used aluminum sulfate instead of cobalt sulfate in the metal sulfate-water 
solution of the above-mentioned Example 2, and also. A nickel manganese-alum.num 
copSitation oxide is compounded like the above-mentioned Example 2 Subsequently, hth.um 
rkTmanganese-aluminum multiple oxide powder (LiNi 0>45 Mn 0 . 45 Al 0 lQ 0 2 ) w.th a mean part.de 
diameter of 5 micrometers was compounded like the above-mentioned Example 1 .) < ray 
faction analysis by CuKalpha of this powder showed that it was R-3-m ^ombohedron 
stratified rock salt type structure. By the Rietveld analyse the grating constant of 2 896 A and c 
Sfof ti.e gating constant of the a-axis was 14.29A. !t was 2.923 when ,t asked for the average 
valence of nickel manganese, and cobalt like the above-mentioned Example 1 about tins powder. 
The specific surface area of this powder was 0.85m 2 /g. Granular material press density was 3.07 
gW. LiNi 045 Mn 0 45 aluminum 010 O 2 was used instead of UN! aBO Mn a50 0 2 of the above- 
mentioned Example 1. and also the positive electrode body and the cell were produced l.ke the 
Zve-mentioned" Example 1, and the characteristic was evaluated. As ^f^^* 
mAh/e and the capacity maintenance rate were 286 ** in exothermic starting temperature 94%. 
r0038]<<Example l» Used ferrous sulfate instead of cobalt sulfate in the metat sulfate-water 
K^-Ue-mwrtion^ Exampie 2. and also. The ^^^ r ™™^ n 
oxoe was compounded like the above-mentioned Example 2 and ^ubsequentlylrth.um mckei 
fe^omanganese multiple oxide powder (UNi 0 . 45 Mn 045 Fe 0 , 0 O 2 ) with a mean particle d.ameter of 
5 micrometers was compounded like the above-mentioned Example 1. X-ray diffraction analys.s 
by CuKalpha of this powder showed that it was R-3-m rhombohedron stratified rock salt type 
structure By the Rietveld analysis, the grating constant of 2.901 A and c axis of he grabng 
constant oUhe a-axis was 14.33A. It was 2.927 when it asked for the average valence of rookel. 
manganese, and cobalt like the above-mentioned Example 1 about th.s powder. The spec.f.c 
surface area of this powder was 0.83m 2 /g. Granular material press density was 3.05 g/cm . 
SwKT^ io°2 ™ — ***** ° f UN WH. 5 o° 2 of the above-mentioned Example 1. 
and also the positive electrode body and the cell were P^^^-^^^^ 
Example 1, and the characteristic was evaluated. As for in.t.al capacity. 151 mAh/g and the 
nanaritv maintenance rate were 280 ** in exothermic starting temperature 94%. 
ra039K<Exam P Te 5» Used titanium sulfate instead of cobalt sulfate in the metal sulfate-water 
K^i^e-merrtioned Example 2, and also. Nickel ^rT'T^lZtZ^Z 
hydroxide was compounded like the above-mentioned Example 2, an d. i subsequently >'^um nickel 
m^ganese-titanium multiple oxide powder (LiNi a45 Mn 045 Ti al0 O 2 ) with a mean particle d,ameter 
„r s micrometers was compounded like the above-mentioned Example 1. X-ray diffraction 
fnatys ™ TSuKaipha of Js powder showed that it was R-3-m rhombohedron stratified rock sa t 
typtSucture^ By the Rietveld analysis, the grating constant of 2.904 A and c ax.s of the grating 
consint of the a-axis was 14.34A. It was 2.918 when it asked for the average valence of nickel, 
rnglese and cobalt like the above-mentioned Example 1 about this powder. The specfic 
surface area of this powder was 0.75m 2 /g. Granular material press density was 3.1 1 g/cm 
^IsMno^ioloOa w« " sed instead ° f LiNi 0.5oMn 0 .50O 2 * above-ment.oned Example 1. 
and ato the positive electrode body and the cell were produced like th « *«^^™* 
Example 1. and the characteristic was evaluated. As for initial capacity. 151 mAh/g and the 
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Xequently lithium nickel manganese chromium multiple ox.de powder CL.N. 045 Mn O45 Cr 010 O 2 ) 
W ith a mean particle diameter of 5 micrometers was compounded like the ; Jj^rteoned 

Example 1 about this powder. The specific surface area of this powder was 0.79m /g. Granular 
material press density was 3.14 g/cm 3 L5Ni 045 Mn a45 Cr 0l0 O 2 was used instead of 
UNi n , n Mn 050 0 2 of the above-mentioned Example 1. and also the positive electrode body and 
the MB were produced like the above-mentioned Example 1. and the characteristic was 
evaluated As for initial capacity. 153 mAh/g and the capacity maintenance rate were 288 ** in 

^1>>Z::X^ gaHium instead of cobalt sulfate in the metal sulfate- 
wTer solution of the above-mentioned Example 2, and also. Nickel manganese gal hum 
cjrecipitation hydroxide was compounded like the above-mended Example 2, and. 
subsequently lithium manganese gallium multiple oxide powder (L.N. o45 Mn 045 Ga 0 10 O 2 > wrth a 

Taience of nTcke. manganese, and cobalt like the above-mentioned Example 1 about th,s powder. 
The specific surface area of this powder was 0.75m 2 /g. Granular material press density was 3. 06 
g/cm 3 LiNi Q45 Mn 045 Ga 0 10 O 2 was used instead of UNI^Mn^O, of the above-mermoned 
Example 1. and also the positive electrode body and the cell were produced like the above- 
miToned Example 1. and the characterise was evaluated. As for imtial capacity, 150 mAh/g 
an I* ^capacity maintenance rate were 281 ** in exothermic starting temperature 93%. 
[0042]<<Exampf e 8 » Used indium sulfate instead of cobalt sulfate in the metal I sulfate-water 
sTtion of the above-mentioned Example 2, and also. The nickel manganese mdnim 
^fotatton oxide was compounded like the above-mentioned Example 2. and. subsequently 
nthiun^ : manganese indium multiple oxide powder (UNi 045 Mn o45 In al0 O 2 ) with a mean part.de 
diameter of 5 micrometers was compounded like the above-mentioned Example 1. X-ray 
tf^ton analysis by CuKalpha of this powder showed that it was R-3-m rhombchedron 
JSSSdTrS salt type structure. By the Rietveld analysis, the grating constant of 2 922 A and c 
Sfof theTaS constant of the a-axis was 14.36A. It was 2.932 when it asked for the average 
valence £ ffiSine". and cobalt like the above-mentioned Example 1 about th.s powder. 
The specific surface area of this powder was 0.71m 2 /g. Granular material press density was 3.13 
g/cm 3 . LiNi Q 45 Mn 0 45 In 0 1Q 0 2 was used instead of LiNi a50 Mn 050 O 2 of the above-ment.oned 
Example 1. and also the positive electrode body and the cell were produced like the above- 
mentioned Example 1. and the characteristic was evaluated. As for imtial capacrty 1 55 mAh/g 
and I the capacity maintenance rate were 282 ** in exothermic startmg temperature 95%. 
S^<£Se 9» Used sulfuric acid tin instead of cobalt sulfate in the metal sulfate-water 
oSn ^ff the above-mentioned Example 2, and also. The nickel manganese tin co P re CiP .tat,on 
ox de was compounded like the above-mentioned Example 2. and. subsequently lithium 
oxiae was con iHummsu partie s diameter of 5 

manganese tin multiple oxide powder (LiNi 045 Mn 045 Sn 0 AQ U 2 ) witn a mean pa 
micrometers was compounded like the above-mentioned Example 1. X-ray diffraction analyst by 
SuKalpha oi ^this Powder showed that it was R-3-m rhombohedron stratrfied rock salt type 
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structure. By the Rietveld analysis, the grating constant of 2.910 A and c axis of the grating 
constant of the a-axis was 14.35A. It was 2.900 when it asked for the average valence of nickel, 
manganese, and cobalt like Example 1 about this powder. The specific surface area of this 
powder was 0.85m 2 /g. Granular material press density was 3.10 g/cm 3 . LiNi 045 Mn 04g Sn 010 O 2 
was used instead of LiNi 050 Mn 050 O 2 of the above-mentioned Example 1. and also the positive 
electrode body and the cell were produced like the above-mentioned Example 1 , and the 
characteristic was evaluated. As for initial capacity, 152 mAh/g and the capacity maintenance 
rate were 284 ** in exothermic starting temperature 94%. 

[0044] Comparative example 1> A nickel manganese coprecipitation oxide is compounded like 
the above-mentioned Example 1, Subsequently, this nickel manganese coprecipitation oxide 
powder and lithium hydroxide powder were mixed, 8-hour calcination and gnndmg of were done 
at 830 ** among the atmosphere, and LiNi 050 Mn 050 O 2 with a mean particle diameter of 7 
micrometers was compounded. X-ray diffraction analysis by CuKaipha of this powder showed 
that it was R-3-m rhombohedron stratified rock salt type structure. By the Rietveld analysis, the 
grating constant of 2.888 A and c axis of the grating constant of the a-axis was 14.32A. It was 
2.997 when it asked for the average valence of nickel and manganese like the above-ment.oned 
Example 1 about this powder. The specific surface area of this powder was 9.62m 2 /g. Granular 
material press density was 2.42 g/cm 3 . it was obtained by calcination among the atmosphere 
instead of UNi 050 Mn a50 O 2 of the above-mentioned Example 1 — this — it was L.Ni-_ 0 50 _-Mn 

-0- 2 -used. and also the positive electrode body and the cell were produced like the 
above-mentioned Example 1. and the characteristic was evaluated. As for initial capacity, 149 
mAh/g and the capacity maintenance rate were 238 ** in exothermic starting temperature 92%- 
[0045]<Comparative example 2> A nickel manganese cobalt coprecipitation ox.de is compounded 
like the above-mentioned Example 2, Subsequently, this nickel manganese coprecipitation ox.de 
powder and lithium hydroxide powder were mixed. 8-hour calcination and grind.ng of were done 
at 830 ** among the atmosphere, and LiNi 045 Mn o45 Co 0 10 O 2 with a mean particle diameter of 7 
micrometers was compounded. X-ray diffraction analysis by CuKaipha of this powder showed 
that it was R-3-m rhombohedron stratified rock salt type structure. By the R.etveld analysis, the 
grating constant of 2.885 A and c axis of the grating constant of the a-axis was 14.31 A. It was 
2.986 when it asked for the average valence of nickel and manganese like the above-mentioned 
Example 1 about this powder. The specific surface area of this powder was 9.89m 2 /g. Granular 
material press density was 2.41 g/cm 3 . This LiNi Q 45 Mn Q 45 Co Q 1Q 0 2 obtained by calcination 
among the atmosphere instead of LiNi Q 50 Mn„ 5() 0 2 of the above-mentioned Example 1 was used, 
and also the positive electrode body and the cell were produced like the above-mentioned 
Example 1, and the characteristic was evaluated. As for initial capacity, 153 mAh/g and the 
capacity maintenance rate were 229 ** in exothermic starting temperature 95%. 
[0046]<Comparative example 3> Change nickel sulfate in the metal sulfate-water solution of the 
above-mentioned Example 2, and the concentration of manganese sulfate, compound a nickel 
manganese cobalt coprecipitation oxide like the above-mentioned Example 2. and, subsequently 
like the above-mentioned comparative example 2 by calcination among the atmosphere. Lithium 
nickel manganese cobalt multiple oxide powder (LiNi Q70 Mn 0 20 Co 0 10 O 2 ) with a mean particle 
diameter of 5 micrometers was compounded. X-ray diffraction analysis by CuKaipha of this 
powder showed that it was R-3-m rhombohedron stratified rock salt type structure. It was 3.002 
when it asked for the average valence of nickel and manganese like the above-mentioned 
Example 1 about this powder. The specific surface area of this powder was 1.26m 2 /g. It was 
LiNi- H)7 _- 0 Mn^ 2(> .-Co-_ 010 _-O- 2 -used instead of LiNi a50 Mn 0 5Q 0 2 of the above-ment.oned 
Example 1 and also the positive electrode body and the cell were produced like the above- 
mentioned Example 1, and the characteristic was evaluated. As for initial capacity. 180 mAh/g 
and the capacity maintenance rate were 181 ** in exothermic starting temperature 87%. 
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[0047]By reference, the result of the above-mentioned Examples 1-9 and the comparative 
examples 1-3 is summarized in the following table, and is shown. 
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Effect of the Invention]Whi.e an usable voltage range is w.de and ^^^^^ 
durability is good by using the lithium content nickel manganese metalLc element M 
oxide of this invention as positive active material of a hthmm secondary battery, the cell w.th 
high safety whose capacity is high is obtained. 



[Translation done.] 
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